Background We investigated the patients and microbiological risk factors that predispose to the development of primary breast abscesses and subsequent recurrence. Methods Patients with a primary breast abscess requiring surgical therapy between January 1, 2000 and December 31, 2006 were reviewed. Recurrent breast abscess was defined by the need for repeated drainage within 6 months. Patient characteristics were compared to the general population and between groups. Results A total of 89 patients with a primary breast abscess were identified; 12 (14%) were lactational and 77 (86%) were nonlactational. None of the lactational abscesses recurred, whereas 43 (57%) of the nonlactational abscesses did so (P \ 0.01). Compared to the general population, patients with a primary breast abscess were predominantly African American (64% vs. 12%), had higher rates of obesity (body mass index [ 30: 43% vs. 22%), and were tobacco smokers (45% vs, 23%) (P \ 0.01 for all). The only factor significantly associated with recurrence in the multivariate logistic regression analysis was tobacco smoking (P = 0.003). Compared to patients who did not have a recurrence, patients with recurrent breast abscesses had a higher incidence of mixed bacteria (20.5% vs. 8.9%), anaerobes (4.5% vs. 0%), and Proteus (9.1% vs. 4.4%) but lower incidence of Staphylococcus (4.6% vs. 24.4%) (P \ 0.05 for each). Conclusions Risk factors for developing a primary breast abscess include African American race, obesity, and tobacco smoking. Patients with recurrent breast abscesses are more likely to be smokers and have mixed bacterial and anaerobic infections. Broader antibiotic coverage should be considered for the higher risk groups.
Introduction
Benign breast abscesses remain a cause of significant morbidity due to the patients' underlying disability and high incidence of recurrence [1] . Primary breast abscesses occur both in the puerperal and nonpuerperal settings and affect women of all ages. Surgical drainage remains the gold standard for treating benign breast abscesses [2] . Nevertheless, a significant proportion of breast abscesses recur. Previous retrospective studies have reported that the recurrence rate can be as high as 40% to 50% [2, 3] . Despite this fact, there are few data on the risk factors associated with breast abscess recurrence.
Interestingly, both primary and recurrent breast abscesses seem to be more common in nonpuerperal women [1] . Staphyloccocus aureus remains the predominant microbe isolated from breast abscesses, and there has been a recent increase in community-acquired methicillin-resistant S. aureus species (MRSA) [4] . Moazzez et al. [4] showed that 50% of staphylococcal species and 19% of all isolates from community-acquired breast abscess were MRSA. Other commonly isolated organisms include coagulase-negative S. aureus, diphtheroids, Pseudomonas aeruginosa, Proteus mirabilis, and anaerobes. However, the characterization of microbial flora associated with recurrent breast abscesses remains incomplete.
In the present study, we investigated the risk factors for developing a primary breast abscess and subsequent recurrence. In addition, we characterize the microbial flora associated with recurrent breast abscesses.
Methods
Institutional review board approval was obtained prior to the commencement of this retrospective study. Written informed consent of patients was not required. The surgical, pathology, and microbiologic databases at Washington University/Barnes Jewish Hospital were queried from January 1, 2000 to December 31, 2006 to identify all patients with a diagnosis of breast abscess. Exclusion criteria included patients with a current or historical diagnosis of breast cancer ± radiation therapy to the breast and recent breast surgery within the prior 12 months. Patients were considered to have a recurrent breast abscess if they required a repeat drainage procedure in the same breast quadrant within 6 months. Breast abscesses were considered lactational if the subject was breast-feeding or immediately postpartum at the time of presentation.
Breast imaging, medical records, and treatment strategies were reviewed and recorded. All data were transferred to a single spreadsheet (Excel; Microsoft, Redmond, WA, USA). Statistical calculations were performed using software (StatView; Abacus Concepts, Berkeley, CA, USA).
Patient risk factors were compared to the known distribution of such risk factors in the general population of Missouri. The demographic data for the Missouri population was obtained from the Missouri Department of Health website: www.dhss.mo.gov. For contiguous variables, such as age and body mass index (BMI), values were grouped and the differences between recurrence and nonrecurrence were compared by the chi-squared test. Categorical variables were compared by Fisher's exact test. A multivariate logistic regression was fitted to see the independent risk factors. For all analyses, results were considered statistically significant if the P value was 0.05 or less.
Results
During the study period, 115 patients were surgically treated for a primary breast abscess. Among them, 26 had a history of ipsilateral breast cancer and were excluded from the study. The clinical and demographic profile of the study subjects is shown in Table 1 . The entire study population (n = 89) was first compared to the general Missouri population with respect to race, rates of obesity (defined by a BMI of [30), and tobacco usage (general Missouri population results are not depicted in Table 1 ). Overall, compared to the general Missouri population, patients developing a breast abscess were more likely to be African American (63% vs. 12%), have higher rates of obesity (BMI [ 30: 42% vs. 22%), and tobacco smokers (44% vs. 23%) (P \ 0.01 for each comparison) (Fig. 1) .
Of the 89 patients included in the study, 12 (14%) had lactational abscesses and 77 (86%) had nonlactational abscesses. There were no recurrences in patients with lactational breast abscesses, whereas 43 (57%) patients in the nonlactational group (n = 77) developed a recurrence. The median time to recurrence was 97 days (range 10-146 days). Of the 43 patients who developed a recurrence, 39 (91%) had one recurrence and 4 (9%) had two or more recurrences during the study period.
In a further subgroup analysis, patients with and without recurrence in the nonlactational group were compared (Table 1 ). There was no significant difference between patients with and without recurrence with regard to age, race, BMI, alcohol consumption, and illicit drug use. Patients with recurrent abscesses had a higher prevalence of at least one other medical co-morbidity, including diabetes, hypertension, asthma, or psychiatric illness (recurrent 56% vs. nonrecurrent 36%, P = 0.0014) as well as prescription drug use for other co-morbid conditions (recurrent 67% vs. nonrecurrent 33%). In addition, we found a significantly increased rate of smoking in patients with recurrent abscesses (77% vs. 29%, P = 0.002) (Fig. 2) .
In the multivariate logistic regression analysis, age, sex, race, co-morbid conditions, coexistent formulary drug use, alcohol consumption, and illicit drug use did not significantly predispose to recurrence. The only factor that was significantly associated with recurrence was tobacco smoking (Table 2) .
Differences were also observed in the microbial pattern of infection in patients with and without recurrent nonlactational breast abscesses (Fig. 3) . Compared to patients with nonrecurrent abscesses, patients with recurrent breast abscesses were found to have an increased incidence of anaerobic bacteria (5% vs. 0%), mixed microbial infection (21% vs. 9%), and Proteus (9% vs. 4%) (P = 0.01). In contrast, recurrent breast abscesses were less likely to be due to methicillin-sensitive S. aureus (2% vs. 11%) and methicillin-resistant S. aureus (2% vs 13%) (P = 0.01). A predominance of anaerobic and mixed microbial infections were also found to be more common in smokers (data not shown). Both groups were treated similarly with regard to the antibiotic regimen. The standard intraoperative antibiotic administered was cefazolin or, if the patient was penicillin-allergic, vancomycin. The patients were discharged on an antibiotic regimen based on the microbial susceptibility.
Discussion
Whereas the incidence of lactational breast abscess is declining, nonlactational breast abscesses are still seen frequently and are, in fact, increasing [1] . In addition, nonlactational abscesses are more likely to recur. This is clearly evident from the present study as well as from previous reports [3] . It is noteworthy that there has been an increase in cigarette smoking by women 20 to 40 years of age [5] . Cigarette smoking may have a role in the development of both primary breast abscesses and recurrence. The exact mechanism is still unclear, but it is possible that the smoke toxins secreted into ductal secretions damage the lactiferous ducts [6] [7] [8] . Such damage may lead to scarring and fibrosis in the retroareolar tissues. In addition, after the initial surgical drainage, smoking may impair the immune process, thereby predisposing to recurrence. For example, smoking can suppress interleukin-8 production, which is known to promote neutrophil chemotaxis at the site of inflammation [9] . Periductal mastitis, or Zuska disease, may also play a role in the development of recurrent abscesses [10] .
Associated findings include luminal obstruction by entrapped keratinous material, squamous metaplasia on histopathological examination, and secondary bacterial infection. Fistula tract formation and a chronic inflammatory response in the subareolar tissues may result in intermittent eruptions at the nipple-areolar border. Whether these intermittent eruptions represent true recurrent abscesses or simply incompletely excised fistulas is unclear. Although we are unable to clearly make this link in the current retrospective study, most patients with Zuska disease are also smokers, suggesting that this may be a component of the disease process in our patients with recurrent abscesses. A prospective study would be necessary to corroborate this suspicion.
Interestingly, we found that smokers were more likely to develop anaerobic and mixed infections. Previous reports have also demonstrated a strong association between smoking and anaerobic breast infections [7, 8] . Routine cultures are known to underestimate anaerobic bacteria. Walker et al. [11] performed a prospective analysis of the microbial pattern isolated from patients with nonpuerperal breast abscesses. They found a high growth rate of anaerobic and mixed organisms. In fact, the anaerobic recovery outweighed the aerobic recovery by a factor of two. Therefore, it is possible that patients who smoke have an increased likelihood of mixed and anaerobic infections for which they are not adequately treated, which may contribute to the increased recurrence rate found in smokers.
We recognize that there are several limitations of this study. First, the recurrence rates were higher than previously reported, which might be a result of the nature of our tertiary breast health center referral system. For the same reason, we had a high incidence of negative cultures, likely a result of patients receiving antibiotics prior to obtaining surgical care at our institution. We also do not know the antibiotic regimens that were utilized in patients preoperatively. We found it surprising that the patients with recurrent breast abscesses were less likely to have MRSA as one would expect that they were treated with some type of antibiotic regimen at the time of initial diagnosis. Why this presumption did not translate to more antibioticresistant strains in the recurrence group is unclear.
An additional limitation to our study is the inability to account for patients who may be undergoing nonoperative treatment for their breast abscesses. Recent studies have suggested that ultrasound (US)-guided percutaneous aspiration is an effective alternative to open surgical incision and drainage [12, 13] . Christensen et al. [12] demonstrated that 97% of lactational abscesses and 81% of nonlactational abscesses recovered after a single US-guided aspiration with appropriate antibiotic coverage. Percutaneous aspiration has become more common at our institution, although open surgical drainage remains the first-line Despite these limitations, the data from the present study demonstrate several significant risk factors for developing a primary breast abscess, including African American race, obesity, and tobacco smoking. Furthermore, of all the risk factors studied, tobacco use is the only factor that also predisposes to the risk of recurrent abscesses, requiring repeated surgical drainage. Patients with recurrent abscesses and patients who smoke have a higher incidence of mixed bacterial and anaerobic infections. Therefore, patients who present with a primary breast abscess and who also smoke may benefit from broader antibiotic coverage in an attempt to prevent recurrence.
